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(54) CnOCOE 3JIEKTP0XHMHHECK0fl OBPA- 
BOTKH METAJUIOB EHIIOJIHPHHM TOK0M 

(57) H3o6peTeKHe othochtch K-MamH- 

HOCTpOeHHH), B H3CTHOCTH K SJieKTpOXH— 
MHMGCKHM MeTOA^M o6pa60TKH CHJIOJlHp— 
HbIM TOKOM. UeJIblO H306peTeHHH HBJ1H"" . 

eTCH cHHwemie raepoxoBaTOCTH o6pa6a— 
TbreaeMOH noB cpxhocth nyTeM ynjnimeHHH 



ycnoBHft flenaccHBauHH. 3a speMH Aeft- 
ctbhh aHOAHoro HMnyjibca npoHcxoAHT 
pacTBopeHHe MeTartna c o aho Bp eM e hhmm 
B03HHKHOB6HH6M naccHBHpywntfix CJIOeB . 
B nepHOA KaroAHoro HMnyjibca npoHcxo- 
Aht AenaccHBauHH oSpaCaTUBaeMOH *no- 
b epxHo c th h 3a ever Bhmejieima boao- 
poAa b npHSJieKTpoArtoM cnoe - noAme- 
jra^HBaHHe sjiexTpojiHTa , mto cnoco6 — 
CTByeT npoueccy AenaccHBauHH. nocne 
OKOHqaHHH AeftCT3HH xaTOAHoro HMnyjib- 
ca ao noAa*m cjieayiomero aHOAHoro bbi- 
AepxHBajoT nayay, 3a BpeMA kotopoh 
npoHcxoAHT AajibHCHmaH h nojiHan Aenac- 

CMBaUHH nOBepXHOCTH. AJIHTOJIbHOCTb 

nay3bi BbiSHpamT b npeAejiax or 0,'5 «o a 
2 AJBfTeJibHOCTH xaTOAHoro HMnyjibca. 
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H306peTeHne othochtch k 3neKTpo- 
XHMHMeCKHM MeTOflaM o6pa6oTKH HMoxeT 
6wtb Hcnojib30BaHo npH o6pa6oTRe Me- 
Ta/inoB h cnnaBos, ckhohhmx x naccn- 

B3UHH. 

Uejib H3o6peTeH»H - noBumeHue npo- 
HSBOAHT&nbHocTH npouecca H CHHXeHHe 
mepoxoBaTOCTH o6pa6aTWBaeMOH noBepx- 
hocth nyTeM nenaccHBaitHH 3a cneT 
Hcnoxib 30B3HHH 3i}xt>eKTa noumejiaqHBa- 
hhh MexajreKTpoflHoro npoMexyrKa. 

PeajiH3yeTck npeanaraeMbifi cnocod 

CJieAywOBiM o6pa30M. 

3a BpeMH fleftcTBHH a ho ah or o HM- 
nynbca npoHcxoAHT pacTBopeHHe MeTan- 

Jia C OAHOBpeMeHHWM B03HHKH0BeHH6M 

naccHBHpyioinHx cjioeB* Ilocne aHOAHoro 
HMnyjibca noBepxHocTb noABepraercH 
BosAeHCTBHJo KaTOAHoro HMnynbca h npo-20 
hcxoaht AenaccHBauHK o6pa6arbiBaeMoft 
lioBepxHocTH. B 3to me speMH B.pe- 
3yAbTaTe BbwenemiH BOAopoAa 3jieKTpo- 
jiht b npH 3 Jte KTp oahom ciioe npAmejiaw- 

BaeTCH. rioCJie OKOHMaHHH AeHCTBHH 

KaTOAHoro HMnynbca ao nojiann cneAyro- 
mero aHOAHoro BUAepXHBaioT nay3y, 3a 
BpeMH KOTopoif npoHcxoAHT AanbHelfrnaH 
h noAHaH AenaccHBa^HB noBepxHocTH. 

RriaroAapH bmcokhm 3HaneHHHM pH 
ocyiuecTBJiHeTCH peaxuHfl h npoHcxoAHT 
xHMHuecKoe pacTBopeHHe naccHBHpywmeH 
nneHKH b TeieHHe nay3bi Me»my xaroA- 
HbiM h aHOAHbM HMnyjibcaMH. ^eH Bbnne 
sHaMeHHe aMnnHTyAW KaTOAHoro MMnynb- 
ca h ero AJiHTenbHocTb, TeM 6oiibwee 
3HaneHHe pH AocTHraercH b npHsnex- 
tpoahom cnoe h TeM sa MeHbmHft npo- 
MemyTOK BpeMem npoHsofiweT pacTBope- 
HHe naccHBHpyioBieH ixne'HKH , 

RnaroAapH nojiHOMy ocBo6o*AeHHio 
o6pa6aTbiBaeMOH noBepXHocrn ot naccH— 
BHpywjueH njieHKH, Gojibiaafl MacTb 3Hep- 
thh nocneAyiomero aHOAHoro HMnynbca 
hagt Ha HenocpeflCTBeHHoe pacTBopeHHe 
MeTanna, mto noBwraaeT npOH3BOAHTenb- 
HOCTb npouecca h KanecTBp najiy^aeMofi 
noBepxHocTH. Kax cneACTBHe xHM»me- 
CKoro pacTBopemiH naccHBHpyronieH imeH 
kh bo BpeMH nay3bi, mo* ho yMeHbmKTb 
3HeprHK> KaTOAHoro HMnynbca, hto 

II03BOJIHT CHH3HTb paCTBOpeHHe KaTOAS" 

HHCTpyMenTa h noBwcHTb TOHHocTb 4rop- 

M006pa3OB3HHH . 

IIo3TOMy BejiHMHHa HHJKHero npeAena 
iyiHTeAbHocTH nay3H BbiSnpaeTCH H3 
coo5pa«eHHH, mto 3a BpeMH ee AeftcT- 

BUB npH HCU0JIb30BaHH11 K3TOAHUX HM— 

nyAbcoB sHaHHTenbtibix aMimHTyA nponc 
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xoaht noAmena^HBaHHe snexTpojiHTa ao 
pH, a oc Ta to *THb!X nnn pacTBopeHHH nac- 

CHBHpyKHXHX nJieHOK. IIpH HCnOAb30BaHHH 

xaTOAHux HMnyjibcoB Hefionbnmx aMnnnTyn 
AHHTejibHOcTb naysbi Aonxna 6biTb yBenn- 
MeHa ao BepxHero npeAena. T..e. ao 2V 
AJtHTeJibHocTeA KaTOAHoro HMnynbca. 

II p h m e p 1 . JIpoBOAHJiH o6pa6oT- 
xy Banb4>paMa b pacTBope xJiopHAa Ha- 
tphh KOHaeHTpauHH 100 r/n . AMriJTHTy- 
na HanpnxeHHH a HOAHbix h xaTOAHbix 

-HMTiyjTbCOB TOKa 25 B, AHHTeJIbHOCTb HX 

no 2 mc. JIay3a MexAy xajoAHbiM h aHOA- 
Hbw HMnyjibcoM OTcyTCTBOBana. Cko- 
pocTb c-beMa cocTaBHJia 0,15 Mr/Kn, 
a mepoxoBaTocTb noBepxHocTH R z = 

=' 25 MKM. 

II p H M e p 2. IIpoBOAHHH o6pa6oT- 
xy BOJib4>paMa b pacTBope xaophas HaT- 
PHH KOHueHTpauHH 100 r/ji. AMnAHTyAa 
HanpHJseHHH aHOAHtix HMnynbCOB 50 B, 

KBTQAHblX - 15 B. flHHTeJlbHOCTb aHOA~ 
HblX H KaTOAHWX HMEtyjlbCO B COCTaBHJia 

4 mc » AnHTenbHocTb nay3M - 2 mc. 

CxopocTb cteMa npH stom 0, 18 Mr/Kn , 
a mepoxoBaTocTb noBepxHocTH R 2 = 

= 15 MKM, 

II p h m e p 3 . ITpoBOAHJiH o6pa6oT- 
xy BOJib^jpaMa b pacTBope xjiopHAa Ha- 
tphh KoHueHTpaimH 100 r/n . AMiuiHTyAa 
HanpHKeHHH aHOAHbix HMnynbCOB 50 B, 
KaTOA,Hbix 15 B. JUiHTonbHocTb HM- 
nynbCOB cocTaBHJia 4 mc, a AJiHTanb- 
HocTb naysbi 8 mc. CxopocTb cbeMa npH 
3tom 0,205 Mr/Kn, a mepoxoBaTocTb 
noBepxHocTH R z = 0,2 mkm. 

II p h m e p 4. ITpoBOAHJiH o6pa6oT- 
xy Bonz4»paMa b pacTBope xjiopHAa Ha- 
TpHH KOHueHTpauHH 100 r/n. AMiuiHTy- 
Aa HanpnaceHHH aHOAHbix HMnynbCOB 
50 B, KaTOflHbix - 15 B. itnHTejibHOCTb 
HMnynbCOB cocTaBHna 4 mc, a AnHTeiib- 
HocTb nay3bi 10 mc. CKopocTb c*beMa 
npH 3tom 0,197 Mr/Kn, a mepoxoBa- 
TOCTb noB epxHocTH R c, = 0,23 mkm. 

• o p. m y n a K3o(5peTeHHH 

» - 

CnocoG sneKTpoxHMHMecKOH o6pa6oT- 

KM MeTBJUIOB 6HnOHHpHbIM TOKOM , npH 

kotopom npcne KaTOAHoro HMnynbca op- 
raHH3yioT. nay3y, oTJiHMaiomHH- 
c n TeM, mto, c uenbio noBhnijBHHH npo- 
HSBOAHTenbHocTH h noBbiiiieHHH xaqecTBa 
o6pa6oTKH, A«HTenbHocTb nay3W bw6h- 
pator b npeAenax 0,5-2 AnHTeiibHOCTH 
KaTOAHoro HMnynbca. 
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METHOD FOR THE ELECTROCHEMICAL MACHINING OF METALS BY MEANS 

OF BIPOLAR ELECTRIC CURRENT 



(57) The invention pertains to the machine-building industry, in particular to 
electrochemical machining methods* by means of bipolar electric current [Translators note: methods 
for the removing of metal by passing current between an electrode and a workpiece in the presence of an electrolyte] . It 
is an object of the invention to reduce the surface roughness of the surface, which is being 
machined, by improving the conditions of depassivation. Over the course of action of the anode 
pulse, the metal dissolves while passivating layers are concurrently generated. Over the course of 
the cathode pulse, there takes place depassivation of the surface, which is being machined, and, 
on account of the separation of hydrogen in the subelectron layer, there occurs alkalization of the 
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electrolyte, which facilitates the depassivation process. After the effect of the cathode pulse is 
terminated, and until the supply of the subsequent anode pulse, a pause is maintained, over the 
course of which an additional and complete depassivation of the surface takes place. The 
duration of the pause is selected between 0.5 to 2 of the duration of the cathode pulse. 

* * 
* * 

The invention pertains to electrochemical machining methods, and may be used for the 
machining of metals, exhibiting a tendency towards passivation. 

It is an object of the invention to improve the efficiency or production rate of the process 
and to reduce the roughness of the surface, which is being machined, on account of using the 
alkalization effect of the electrode-to-electrode interval. 

The proposed method is carried out as follows. 

Over the course of the action of the anode pulse, there takes place a dissolution of the 
metal, while passivating layers are concurrently formed. After the anode pulse, the surface is 
subjected to the effect of a cathode pulse, and depassivation of the surface, which is being 
machined, takes place. At the same time, due to the separation of hydrogen, the electrolyte in the 
subelectron layer becomes alkalized. After the effect of the cathode pulse is terminated, and 
prior to the feeding of the subsequent anode pulse, there is maintained a pause, over the course of 
which an additional and complete depassivation of the surface takes place. 

Due to the high values of the hydrogen-ion concentration, pH, a reaction takes place, and 
a chemical dissolution of the passivating film takes place during the pause between the cathode 
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and anode pulses. The greater the value and the duration of the cathode-pulse amplitude, the 
greater the pH-value achieved in the subelectron layer, and the period, and the shorter the interval 
in which the dissolution of the passivating film occurs. 

Due to the complete liberation of the surface, which is being machined, from passivating 
film, a large part of the energy of the subsequent anode pulse is utilized to directly dissolve the 
metal, as a result fo which the efficiency of the process and the quality of the surface obtained are 
improved. As a consequence of te chemical dissolution, of the passivating film during the pause, 
the energy of the cathode pulse can be decreased, which provides an opportunity to reduce the 
dissolution of the cathode-tool, and to improve the accuracy of the shaping or forming. 

Therefore, the value of the lower limit of the duration of the pause is selected by taking 
into account the fact that over the course of the effect of the pause, when cathode pulses of a 
considerable amplitude are used, an alkalization of the electrolyte takes place to pH-values, 
which suffice for the dissolution of passivating films. When cathode pulses, having minor 
amplitudes, are used, the duration of the pause should be increased to the upper limit, i.e. to 2 
durations of the cathode pulse. 

E x a m p 1 e 1 . Electrochemical machining of tungsten [wolfram] was carried out in a 
solution of sodium chloride, having a concentration of 100 g/1. The amplitude of the voltage of 
the anode and cathode current pulses is 25 volts while their duration is 2 ms. The pause between 
the cathode and anode was not maintained. The velocity of removal constituted 0.15 mg/Kl 
[kiloliters], while the surface roughness R z = 25 ^im. 

Example 2. Tungsten was electrochemically machined in a solution of sodium 
chloride, having a concentration of 100 g/1. The amplitude of the voltage of the anode pulses was 



50 volts, while the amplitude of the voltage of the cathode pulses was 15 volts. The duration of 
the anode and cathode pulses constituted 4 ms, while the duration of the pause was 2 ms. 

In doing so, the velocity of removal was 0.18 mg/Kl, while the surface roughness was 
R 2 = 15 |im. 

E x a m p 1 e 3. Tungsten was electrochemically machined in a solution of sodium 
chloride, having a concentration of 100 g/1. The amplitude of the voltage of the anode pulses was 
50 volts, while the amplitude of the voltage of the cathode pulses was 15 volts. The duration of 
the anode and cathode pulses constituted 4 ms, while the duration of the pause was 8 ms. 

The velocity of removal was 0.205 mg/Kl, while the surface roughness was 
R z = 0.2 urn. 

Example 4. Tungsten was electrochemically machined in a solution of sodium 
chloride, having a concentration of 100 g/1. The amplitude of the voltage of the anode pulses was 
50 volts, while the amplitude of the voltage of the cathode pulses was 15 volts. The duration of 
the anode and cathode pulses constituted 4 ms, while the duration of the pause was 10 ms. 

The velocity of removal was 0.197 mg/Kl, while the surface roughness was 
Ra = 0.23 urn. 

CLAIM 

Method for the electrochemical machining of metals by means of bipolar current, whereby after 
the cathode pulse, a pause is maintained, characterized in that with an aim of improving 
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the efficiency and the quality of the machining, the duration of the pause is selected within the 
limits o.5 to 2 of the duration of the cathode pulse. 
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